A single, lightweight, valveless, non-absorber breathing system, which functions with near maximal efficiency (hence the name Maxima) in spontaneous and controlled ventilation is described. It may be classified as an enclosed efferent afferent reservoir (EEAR) breathing system and is characterised by the selective elimination of alveolar gas in all modes of ventilation. A functional description explains how this is achieved in the system in spontaneous and controlled ventilation.
The design of a universal breathing system which does not need soda lime for absorbing carbon dioxide, has occupied researchers for many years l . 6
• A prerequisite for any such design would be a single system which always functions with maximal efficiency, i.e. it should function in such a way that it selectively removes alveolar gas in all modes of ventilation. Thus far, only the Carden 2 and the enclosed afferent reservoir (EAR) breathing systems can possibly claim this characteristic'. Other factors to be considered include minimizing deadspace for use with children with a facemask, tracheal tube and laryngeal mask, heat and moisture exchange or humidity, cost and disposability. A new breathing system was designed with these objectives in mind and has been named the Maxima. The technical term for the new breathing system (Figures 1, 2 and 3 ) is enclosed efferent afferent reservoir (EEAR). It was designed to achieve functional characteristics similar to those of enclosed afferent reservoir systems (EAR)" which are more bulky and cumbersome to use.
The Maxima is a new type of displacement afferent reservoir (DAR) system, a term that describes the group of compound afferent reservoir systems where positive pressure causes displacement of gas primarily from the afferent reservoir and afferent tube (supply tube to the patient) into the lungs during controlled ventilation.
In DAR systems, expiration should allow for the preservation of deadspace gas and for heat and moisture exchange in the afferent tube with improved efficiency and humidity.
SHORT FUNCTIONAL DESCRIPTION
The Maxima (Life Air Pty Ltd) is a new breathing system (Figures 1,2 and 3) of the displacement afferent reservoir type. The functional characteristic of this valveless, non-absorber system is that of a single universal system (not a combination of systems), with maximal efficiency in all modes of ventilation. For this to be the case it must have the characteristic of selectively eliminating alveolar gas in both controlled' and spontaneous ventilation 9. Important design features that make this possible include an afferent bag containing an enclosed efferent bag and two flowdirecting components (Figures 2a and 2b) , which together do the work of a valve. The F-piece directs exhaled gases preferentially into the afferent limb of the circuit during the expiratory phase, storing deadspace gas and fresh gas in both spontaneous and controlled ventilation. The bag-and-tube connector directs ventilator gas preferentially into the inner (efferent) bag during a positive pressure inspiratory phase, displacing fresh gas from the afferent bag into the afferent limb and into the patient. This makes room for storage of dead space gas in the same limb during the expiratory phase as the inner (efferent) bag (C) bags attached as shown, the connector A includes a tube (D) which is attached at its one end to the inner bag (C) and at the other containing a flow-directing vane (E), the said tube (D) is in open communication with tube (F), shown in crosssection, for attachment to an exhaust variable restrictor (not shown) and a ventilation tube (G), which in turn may be attached to an external reservoir bag (H) (shown) or a mechanical ventilator (not shown), an airway pressure measurement port (I), and the 22 mm diameter afferent (Af) and 15 mm diameter efferent (Ef) tube attachments, with shaded efferent section and the preferential flow directing F shaped patient connector (1). collapses. In spontaneous ventilation, however, the efferent bag remains in a collapsed non-functional state and the system functions as a simple afferent reservoir system with aerodynamic flow-directing characteristics in place of a mechanical valve.
DETAILED DESCRIPTION
The system comprises two flow-directing components joined by afferent (diameter 22 mm) and efferent (15 mm) corrugated tubes. It may be viewed in two sections with different flow paths ( Figure 1 ), an afferent section (not shaded) and efferent section (shaded) and the junction between these sections is the F-shaped patient connector (1 in Figure 1 ). The afferent or fresh gas supply section comprises A, B and afferent tube (Af) in Figure 1 . The fresh gas inlet is the site for attaching the system to an anaesthetic machine. The efferent or exhaust gas section comprises a similar corrugated 15 mm plastic tube (with higher resistance to flow than the 22 mm afferent tube), which is attached at one end to the F-shaped patient connector and at the other end to the efferent section of the bagand-tube connector (Figure 2b ). The latter is well described in the diagram and legend of Figure 2b . During controlled ventilation, the bag within a bag arrangement serves a similar purpose to a bag in a bottle, with the inner bag distending during inspiration and collapsing with expiration (the reverse of the traditional bag in a bottle arrangement).
In spontaneous ventilation (Figure 4 series), the inner bag remains in a collapsed state and is non-functional for most applications; the exhaust variable restrictor ( Figure 3 ) should be in the open position. If it is desired that continuous positive airway pressure (CPAP) be applied, using a venturi or other ventilator mechanism, gas is then vented via the ventilator or venturi mechanism and, as in controlled ventilation ( Figure 5 series), the restrictor should be closed. Under these circumstances it is the outer bag which remains distended and the inner bag which moves with spontaneous breathing.
In Figure 4 series, the afferent section of the system, not shaded, illustrates the system functioning, without rebreathing, as a simple afferent reservoir breathing system during spontaneous ventilation. The main difference from other afferent reservoir systems,. however, is that there is no valve flow-directing mechanism. Based on the original idea of using a valveless flow-directing means', the aerodynamic effects of the internal sh:>pe of the F-piece design combined with the resistance characteristics of the tubular structure ensure that exhaled gases are first directed into the afferent limb. This causes the outer afferent reservoir bag to expand and allows fresh gas and dead space gas to be stored in the afferent limb. When the equilibrium point of distension of the afferent bag is reached, expired alveolar gas is then redirected through the efferent limb of the system.
The F-piece flow-director (Figure 2a ) features a number of design compromises, to achieve effective flow-direction into the afferent limb, which is especially important during the expiratory phase of controlled ventilation, and a mask flushing effect for decreasing functional apparatus deadspace, when a facemask is applied in spontaneous ventilation. In controlled ventilation, the internal diameter of a tracheal tube connector (K in Figure 2a ), laryngeal mask or capnograph sampling tube approximates to that of the afferent inner tube projection in the F-piece (L in Figure  FIGURE 2a). This, together with its axial location, enhances the flow-directing property of the F-piece during the phase of expiration. This is an important feature for the proper functioning of DAR systems.
In controlled ventilation ( Figure 5 series), this enclosed efferent afferent reservoir system, unlike the simple afferent reservoir breathing systems, retains the same pattern of gas elimination as occurs in spontaneous ventilation. Figure 5 series shows gas movement within a Maxima system in controlled ventilation, used in a rebreathing, maximum efficiency manner. During the positive pressure phase of inspiration (Figure 5a to 5b) , by mechanical or manual means, ventilator gas is directed preferentially into the inner (efferent or exhaust) reservoir bag by a second flow-directing mechanism in the bag-and-tube connector (E in Figure 2b ). Because the inner bag is placed within the outer afferent bag, distension of the inner bag causes gas to be displaced from the afferent bag, which results in flow from the low-resistance afferent section of the breathing system into the lungs. With expiration (Figure 5c to 5d) , the preferential flowdirecting F-piece causes exhaled gases to flow back into Anaesthesia and Intensive Care. Vol. 23. No. 3. June. 1995 the afferent limb and outer bag, the slight rise in pressure resulting in collapse of the inner (efferent) bag). The remainder of the exhaled gases, which comprises alveolar gas, is then eliminated via the efferent limb. In Figure 5 , the elimination phase of alveolar gas via the narrower efferent limb will begin between 5c and 5d and will continue to 5a.
Manual controlled ventilation: An external reservoir bag, which is attached to the end of the ventilation tube (G in Figures 1 and 3) , may be squeezed and the leak controlled via an exhaust variable restrictor (Figure 3) . Alternatively, if the system is attached to a ventilator by means of the ventilation tube, a manual inflation control on the ventilator may be activated.
Additional construction details: Finally, there may be concern that the inner bag may become detached, or that it could develop a leak. In answer to this, the device is so constructed that the outer bag cannot be removed without special equipment. The inner bag, which never has to contain pressure greater than the difference between outer and inner bag (measured at less than 1 cm water with peak inspiratory flow of 60 l.min-1 ), is protected within the outer bag and is ~8J 4b)
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Fresh gas FIGURE 4 : Fresh gas (including reusable deadspace gas) and alveolar gas distribution in the Maxima system during spontaneous ventilation, with the fresh gas flow CVF) set between total and alveolar ventilation CVT and VA). 4a) Immediately prior to inspiration, 4b) at the end of inspiration, 4c) mid expiration and 4d) end of active expiratory phase. NB. that the inner bag is non-functional (not moving) in this mode of ventilation. difficult to dislodge. Should dislodgement occur, it is held in position by the outer bag and opposite its inner attachment port for simple relocation. The outer bag is made of a clear plastic material, allowing for clear visibility of a dislodged inner bag, which would certainly constitute potential danger.
A leak in an inner bag may be detected simply, by closing the variable exhaust restrictor, using a finger to obstruct the 15 mm tube attachment port on the bag connector and then squeezing an external reservoir bag attached to the ventilator tube.
CHARACTERISTICS OF AN IDEALISTIC DAR SYSTEM
The performance and application of a breathing system with the characteristics described above are explained and illustrated here. Figure 6 comprises two parts. The upper section is an illustration of CO 2 sampling patterns which may be seen when sampling from the tracheal tube. The X axis corresponds to that for the lower graph: it illustrates under-ventilation on the left, increasing hyperventilation on moving to the right with associated increased rebreathing, and a ceiling level of effective alveolar ventilation. The lower diagram provides a graphical illustration of the wellknown equation VT= VA+ VD, where VT is ~otal ventilation, VA is alveolar ventilation and VD is dead space ventilation. This simple equation applies to a non-rebreathing system, where alveolar ventilation, which is the effective part of total ventilation, is equal to and, therefore, synonymous with the term effective alveolar ventilation (VAe). When there is rebreathing, effective ventilation is not equal to total ventilation less deadspace ventilation, but must be decreased further by a rebreathing ventilation component. Both axes have similar units. On the X axis, the dependent variable is total ventilation and includes all the components of ventilation namely, effective alveolar ventilation and two components which involve the reinhalation of exhaled alveolar gas, namely deadspace ventilation and rebreathing ventilation. The Y axis or the independent variable is effective alveolar ventilation. The range of the Y axis in all non-absorber systems is limited entirely to the fresh gas flow (V F) delivered into the system. With VF held constant, both axes (total ventilation and effective alveolar ventilation) may be expressed in terms of units of VF into the system. Therefore, provided no rebreathing is In Figure 6 , an ideal performance DAR system is shown as either functioning as a non-rebreathing system in spontaneous ventilation or, with mild hyperventilation and rebreathing, as a maximal efficiency system, where VAe/VF = 1, i.e. the horizontal portion in Figure 6 .
DISCUSSION
The place of the Maxima circuit described here should be seen in the context of many different types of non-absorber circuitslo. The circle absorber circuit, because of its efficiency and its ease of use, has proved itself for the past 64 years as a universal circuit. There has never really been an equivalent universal nonabsorber system. The enclosed afferent reservoir systems certainly offered this potential, but suffered from the problem of their bulk. The Maxima, described as a single, lightweight, valveless, non-absorber breathing system, which functions with near maximal efficiency in spontaneous and controlled ventilation, would appear to have the credentials as a truly universal non-absorber equivalent.
The value of such a system may be appreciated better in developing countries, where the appropriate use of equipment may easily be misunderstood. For instance, the T-piece is traditionally thought to be the best system for use in children, because there is minimal deadspace and no valves to add resistance to expiration. While this may be true, when applied to endotracheal anaesthesia, for which the T-piece was originally described 11, it is not valid to assume that it will apply when using a facemask. Apparatus deadspace of a facemask is a very important consideration, which, even in partially developed countries, has been ignored on many occasions. Mask flushing mechanisms have therefore been developed and evaluated l2 . To make the Maxima a truly universal system, detailed attention was given to the F-piece design, which incorporates a mask flushing mechanism for minimizing functional apparatus deadspace with higher flows. The system would then be used as a non-rebreathing system. The functional deadspace minimizing mechanism is operative with a mask and an endotracheal tube, so that the system can also be used safely for neonates.
It should be stated, however, that specifically designed equipment dedicated for use in neonates will always be superior, because of the unique anaesthetic requirements of neonatal anaesthesia for less bulky apparatus. Nevertheless, this circuit, from a functional point of view, should be as safe as any in the case of neonates.
In conclusion, the Maxima system is an enclosed efferent afferent reservoir breathing system, which would appear to be capable of the selective elimination of alveolar gas in spontaneous and controlled ventilation, i.e. functioning as a near maximal efficiency system. Its applicability for use in children is based upon the F-piece design, which obviates the need for a catheter mount or angle piece and results in near to zero functional dead space. As an inexpensive, lightweight, valveless, breathing system it is a practical device, with improved simplicity in use. As a single system without moving parts it is safer than combination systems, where potential error settings between spontaneous and controlled ventilation modes are possible.
